Introduction. Although a number of perinatal factors have been implicated in the etiology of postpartum depression, the role of mode of delivery remains controversial. Our aim was to explore the association between mode of delivery and postpartum depression, considering the potentially mediating or confounding role of several covariates. Material and methods. In a longitudinalcohort study in Uppsala, Sweden, with 3888 unique pregnancies followed up postpartum, the effect of mode of delivery (spontaneous vaginal delivery, vacuum extraction, elective cesarean section, emergency cesarean section) on self-reported postpartum depression symptoms (Edinburgh Postnatal Depression Scale ≥12) at 6 weeks postpartum was investigated through logistic regression models and path analysis. Results. The overall prevalence of postpartum depression was 13%. Compared with spontaneous vaginal delivery, women who delivered by emergency cesarean section were at higher risk for postpartum depression 6 weeks after delivery in crude (odds ratio 1.45, 95% confidence interval 1.04-2.01) but not in adjusted analysis. However, the path analysis revealed that emergency cesarean section and vacuum extraction were indirectly associated with increased risk of postpartum depression, by leading to postpartum complications, self-reported physical symptoms postpartum, and therefore a negative delivery experience. In contrast, history of depression and fear of delivery increased the odds of postpartum depression and led more frequently to elective cesarean section; however, it was associated with a positive delivery experience. Conclusions. Mode of delivery has no direct impact on risk of postpartum depression; nevertheless, several modifiable or non-modifiable mediators are present in this association. Women delivering in an emergency setting by emergency cesarean section or vacuum extraction, and reporting negatively experienced delivery, constitute a high-risk group for postpartum depression.
Introduction
Depression in mothers before and after childbirth is a major public health concern, with consequences on pregnancy outcome (1, 2) , mother affective status (3, 4) , and child behavioral and emotional development (5, 6) . The prevalence of postpartum depression (PPD) is estimated at around 10-20% (7-9) and well-established risk factors include presence of antepartum depression, psychiatric history, low self-esteem, stressful life events and lack of social support (7, 10, 11) .
Mode of delivery has been investigated as a possible risk factor for PPD (12) (13) (14) (15) (16) (17) (18) . Cesarean section itself, disappointment with mode of delivery, and a more prolonged recovery period may lead to increased stress, somatic complaints and low self-esteem, predisposing to PPD. Studies on whether mode of delivery impacts on the risk of PPD show conflicting results; most of them have not found an independent association (12) (13) (14) (15) (16) (17) or report a devastating effect of cesarean section only for the first days postpartum (18, 19) . A recent meta-analysis showed that only emergency and not elective cesarean section (ElSC) was associated with an increased risk of PPD (20) .
Interestingly, recent studies suggest that other variables might mediate or moderate this association (13, 18, 21) . Attitudes on mode of delivery vary between women, who may interact in the interplay between mode of delivery and PPD (13, 21) . Moreover, there is evidence for an association between PPD and discrepancy between the women's preference and actual mode of delivery (11, 22, 23) . Fear of delivery, which is associated with history of depression (24, 25) and earlier delivery experience (26) , affects preferences for delivery mode (26) (27) (28) (29) (30) (31) . Lastly, a negative delivery experience may increase the risk for PPD (32) (33) (34) (35) (36) .
Given the complexity in the interplay of factors acting on mode of delivery and risk of PPD, the aim of this longitudinal study was to unravel their association taking into account potential mediators and confounders, such as sociodemographic factors, psychiatric history, fear of delivery, subsequent delivery experience and postpartum physical symptoms and complications. In particular, the objective was to use a path model statistical approach that was considered appropriate to address this timedependent and multi-interactive research question (34) .
Material and methods

Study population
This study is based on the Biology, Affect, Stress, Imaging and Cognition (BASIC) project, an ongoing population-based longitudinal study investigating maternal psychological wellbeing during and after pregnancy in Uppsala County, Sweden (37) . Between September 2009 and December 2014, all pregnant women attending the routine ultrasound examination at Uppsala University Hospital in their 18th gestational week, received written information about the study and were invited to participate. Exclusion criteria were inability to communicate in Swedish adequately, confidentially kept data, intrauterine death and age <18 years. The BASIC study reaches a participation rate of 22% differing from the background general population mainly in terms of educational level (61% with university education vs. 52% in the Swedish Birth Register) (38) . For the purpose of this study, twin pregnancies (0.9%) and women with missing data on mode of delivery (14%) were excluded, leaving a total of 3888 pregnancies from 3508 women for analyses.
Main exposure
Information on mode of delivery was extracted primarily from the medical records, completed by the responsible physician or midwife, in the case of deliveries at Uppsala University Hospital. A small number of women (n = 349) who did not deliver at Uppsala University Hospital selfreported their mode of delivery in the questionnaires at six weeks postpartum. Delivery mode was classified in four categories: spontaneous vaginal delivery (VaD), vaginal delivery assisted by vacuum extraction (VE), pre-labor ElCS, and emergency cesarean section (EmCS), defined as an unplanned cesarean section performed before or after onset of labor due to fetal or maternal compromise. No women had an instrumental delivery by forceps, due to the recommendation to avoid their use by the Swedish Society of Obstetrics and Gynecology.
Outcome
Presence of postpartum depressive symptomatology was determined by the Swedish version of the Edinburgh Postnatal Depression Scale (EPDS), self-reported at six weeks and six months postpartum. EPDS is a self-administered screening instrument for PPD (39) . In line with the Swedish validation study, a score ≥12 was considered indicative of PPD (40, 41) .
Covariates
Participants were instructed to complete self-administered questionnaires at recruitment (118th gestational week), at the 32nd week of pregnancy and at six weeks and six months following delivery. A wide range of covariates was available. The first questionnaire included questions regarding socioeconomic, demographic and lifestyle factors [age, body mass index (BMI) before pregnancy, education, employment, tobacco use, intimate partner violence in current or earlier relationship], pregnancyrelated variables (parity, conception by assisted reproductive technology, medical history, history of depression and previous psychological consultation by psychologist or psychiatrist). The questionnaire at the 32nd gestational week included history of pregnancy complications (bleeding during pregnancy, Braxton-Hicks contractions, symphysiolysis, diabetes during pregnancy, hypothyroidism, hyperthyroidism, hypertension, preeclampsia and other pregnancy complications), fear of delivery and delivery expectations. At six weeks postpartum, information on delivery experience, self-reported physical symptoms in the postpartum period, delivery complications and medical symptoms were collected along with depressive symptomatology assessment. History of depression was selfreported by a single yes/no question. Expectations on the upcoming delivery assessment were based on the following answers to a relevant question: "okay," "excited," "good," "longing for," "worried," "wish it was over," "terrified." Based on these answers, a dichotomized delivery expectations variable was created (positive: "okay," "excited," "good," "longing for;" negative: "worried," "wish it was over," "terrified"); in the case of more than one answer, including both "positive" and "negative" choices, delivery expectations were classified as positive with the exception of "terrified." Women were also asked whether they were afraid of the upcoming delivery; the answers were categorized into "no fear," "fear of cesarean section," "fear of vaginal delivery" and "severe fear." Severe delivery fear was defined as reporting fear about both vaginal delivery and cesarean section, answering "terrified" to the question about the delivery expectations or if the woman reported a visit to a consultant physician or midwife due to fear of childbirth. Delivery experience was classified as positive if women described it as "wonderful," "good" or "okay," whereas "bad" and "awful" alternative answers were grouped as indicating a negative experience. Self-reported physical symptoms postpartum referred to pain from laceration, pain when urinating/ defecating, pain in the surgical scar, infection and other physical symptoms. Additionally, objective delivery and postpartum complications, including laceration (grade III or IV), manual placental removal, severe postpartum hemorrhage (≥1000 mL), Apgar score at 5 min <7 and admission of the newborn to a neonatal unit, were abstracted from the medical journal recorded by the responsible midwives.
Statistical analyses
The participating women's characteristics were first crosstabulated by mode of delivery (VaD, VE, ElCS, EmCS) and associations were assessed with the Pearson Chisquare and the Kruskal-Wallis tests for categorical and continuous variables, respectively. Subsequently, a logistic regression model was designed with dichotomized EPDS score (≥12 vs. <12) at six weeks postpartum as the dependent variable and mode of delivery (categorical; VaD as reference) as the independent variable. Among the established confounding factors in the literature, the ones that demonstrated a significant association with PPD (p < 0.05) were introduced in a multivariate model (parity, multiparous vs. primiparas; self-reported history of depression, yes vs. no; fear of delivery, any vs. no; selfreported delivery experience, negative vs. positive; selfreported physical symptoms at six weeks postpartum, yes vs. no; objective postpartum complications, any vs. no). The goodness-of-fit of the model was evaluated with the Hosmer-Lemeshow statistic when no multicollinearity was present. The analysis was repeated restricted to primiparous women, and to preclude the confounding effect of repeated outcome in pregnancies from the same mother, a sensitivity analysis including only each woman's first reported pregnancy was conducted. Analyses were also repeated for PPD at six months.
To explore the complex interplay of the prenatal psychological status variables and delivery-related parameters in the association between mode of delivery and PPD (EPDS ≥ 12 vs. <12), a conceptual path model was implemented (Figure 2a ). Path analysis was performed, applying generalized structural equation modeling (GSEM), which is an appropriate method to search for the significant mediators in an established association between two factors. Here, we sought to examine the effect of prenatal psychological status (depression history and fear of delivery) and delivery-related parameters (experience of delivery and delivery/postpartum complications) on the association between mode of delivery and PPD. This approach allows for the decomposition of the total effect of mode of delivery on PPD development into direct effects and indirect effects (through each of the measured mediating risk factors). The regression models fitted in path analysis, aimed mainly at exploring the linking mechanisms (i.e. the indirect pathways) from the main exposure variable (i.e. delivery mode) to the outcome under study (i.e. PPD). Two separate path models were estimated, first concerning women who underwent ElCS and the second focused on EmCS or VE deliveries compared with VaD.
Overall statistical significance level was set at p < 0.05. The SPSS v20 (SPSS Inc., Chicago, IL, USA) and STATA version 14 (STATA Corporation, College Station, TX, USA) were used for the analysis.
Ethical approval
All women were informed about the course and aim of the study and gave their written informed consent. The investigation was carried out in accordance with the Declaration of Helsinki. The study protocol was approved by the Regional Research and Ethics Committee of Uppsala 
Results
In all, 3888 pregnancies were eligible to be included in the study. Of these, 357 (9%) women participated in the study twice and six (0.2%) women three times. The mean age at enrollment was 31.4 (4.5 SD) years and 41% of the women were primiparas. The prevalence of depressive symptoms (EPDS ≥12) at six weeks postpartum was 13%. History of depression and negative delivery expectations were reported in 26 and 13% of pregnancies, respectively. Severe fear of delivery was present in 233 pregnancies (6%). Regarding delivery outcome, 2872 births by spontaneous VaD (74%), 324 by VE (8%), 346 by ElCS (9%) and 346 by EmCS (9%) were registered. Physical symptoms six weeks postpartum were self-reported in 1284 pregnancies (33%) and objective complications in 626 pregnancies (16%). Table 1 presents the distribution of a series of background, pregnancy, delivery and postpartum-related variables by mode of delivery. Mode of delivery seemed to be associated with maternal age, BMI, unemployment, smoking before pregnancy and intimate partner violence in current or previous relationship, conception through assisted reproductive technology, primiparity, history of depression, fear of delivery, delivery experience and pregnancy complications. Maternal and neonatal complications seemed to also be associated with delivery mode. Notably, a higher prevalence of depressive symptoms at six weeks postpartum was noted among women who delivered by EmCS, whereas no significant association with mode of delivery was found regarding PPD at six months postpartum. Figure 1 depicts the crude odds ratios (ORs) for negative delivery experience and PPD at six weeks postpartum based on mode of delivery and severe fear of delivery. The PPD risk by mode of delivery was impacted by severe fear of delivery. In particular, ElCS was associated with PPD solely among women reporting no fear, whereas among women with severe delivery fear, VaD, VE and EmCS were associated with three-to fivefold increase in odds of PPD. VE and EmCS were associated with negative delivery experience regardless of delivery fear. VaD increased the odds only for women reporting severe fear of delivery.
Compared with VaD, EmCS was associated with PPD at six weeks postpartum in the univariate analysis [OR 1.45, 95% confidence interval (CI) 1.04-2.01; Table 2 ]. VE and ElCS were marginally but non-significantly associated with PPD (OR 1.34, 95% CI 0.94-1.92 and OR 1.36, 95% CI 0.97-1.91, respectively). However, the associations were attenuated and lost their significance in the multivariate adjusted model ( When restricting the analysis to primiparas or when excluding the second or subsequent pregnancies reported by the same mother, the results remained practically unchanged (data not shown). Repeating the analyses for PPD at six months postpartum, ElCS (vs. VaD) showed a marginal association with PPD (OR 1.48, 95% CI 0.99-2.22) in the univariate model, which was attenuated after adjustments. Figure 2b depicts the path analysis results for ElCS vs. VaD. Although ElCS acted protectively against negative delivery experience, it directly increased the odds of postpartum objective complications, and indirectly (through objective complications), the odds of self-reported complaints. History of depression and fear of delivery were directly associated with ElCS, and concurrently with negative delivery experience and self-reported physical symptoms postpartum, directly increased PPD odds at six weeks.
The path analysis of EmCS and VE vs. VaD (Figure 2c ) had remarkable differences compared with the one for ElCS. Direct and positive associations with PPD emerged for history of depression, fear of delivery, negative delivery experience and self-reported physical symptoms postpartum, but not for mode of delivery. However, PPD was indirectly influenced by mode of delivery. In particular, EmCS and VE increased objective postpartum complications that were positively associated with self-reported physical symptoms postpartum and negative delivery experience, increasing thereby the odds for PPD. Additionally, EmCS and VE increased directly the odds for negative delivery experience seven-and fourfold, respectively, leading indirectly to increased PPD risk. Besides their direct impact, history of depression and fear of delivery also indirectly influenced PPD risk through self-reported physical symptoms postpartum but did not influence the possibility of EmCS or VE. Fear of delivery also increased the odds for a negative delivery experience.
Discussion
The aim of the present study was to unravel the associations between mode of delivery and PPD. Even though EmCS was associated with increased risk of PPD six weeks postpartum in the univariate analysis, the adjustments for psychosomatic confounders attenuated this association. The path analysis verified no direct link between mode of delivery and PPD, but identified several indirect pathways. In particular, negative delivery experience, objective complications and self-reported physical symptoms postpartum appeared to mediate an indirect association of EmCS and VE with PPD. On the other hand, history of depression and fear of delivery were associated with both PPD and ElCS, acting as confounders. The distribution of the participants' characteristics highlighted two distinct patterns regarding the risk of PPD by mode of delivery. The first relates to women delivering by ElCS who were not generally at increased PPD risk at six weeks. However, their burdened psychiatric history (history of depression and fear of delivery) and socioeconomic vulnerability (lower education, unemployment and history of intimate-partner violence) could predispose to depression (42) (43) (44) . History of depression and fear of delivery were associated with ElCS and PPD in agreement with previous studies (45) (46) (47) (48) . History of depression is also associated with fear of delivery (49), which affects preference of delivery mode and could lead to ElCS (46) , as verified in the path model implemented in the current study. Nevertheless, ElCS was associated with a positive delivery experience, indicating those women's satisfaction with the proposed mode of delivery that fulfilled their needs (45) . These observations are in line with a recent systematic review declaring that ElCS is associated with antepartum depression but no increased postpartum depressive symptoms (23). The second pattern includes women who had planned a VaD but due to complications delivered by EmCS or VE. These women had neither a psychosocial background predisposing to depression nor a self-reported fear of delivery. However, as revealed in the path analysis the emergency setting of their delivery and the accompanying obstetric and neonatal complications (50) , caused a negative experience that increased PPD odds at six weeks postpartum (51, 52) . It has been reported previously that perinatal complications increase PPD risk (21) , whereas EmCS is known to be associated with more complications and a more prolonged recovery time than VaD and ElCS (52, 53) . Women delivering by EmCS may suffer both the physical fatigue of VaD as well as the psychological burden of the subjectively experienced inability to give birth vaginally (54) . Similarly to EmCS, VE is also characterized by its emergency nature and the related consequences (50) and has been linked with PPD (55) . In this sample, both EmCS and VE were associated with lower Apgar score and transfer to a neonatal unit, which could initiate existential worries. All those parameters generate a negative delivery experience that could trigger depressive symptomatology (51, 56) .
The literature supports our findings of no direct link between mode of delivery and PPD. Nonetheless, some studies report an interaction, possibly on behalf of nonconsideration of confounders and mediators, cultural diversities on beliefs about cesarean section and early PPD assessment (13, 21, 22, 57) . The operation-induced inflammation, the associated pain (58) (59) (60) and the stress associated with EmCS (61) could theoretically increase women's susceptibility to depression, and genetic susceptibility could also play a role (62) . However, the lack of epidemiologic evidence for a direct association could indicate the non-existence of a biological linkage or an effect too small to be clinically significant. By contrast, based on our findings, it seems that delivery experience depending on women's initial expectations is more important than delivery mode itself.
A strength of the study is the large sample, providing sufficient statistical power to perform appropriate analyses. Additionally, the longitudinal design and the availability of many sociodemographic, psychiatric and obstetric variables allowed thorough investigation of their complex interplay via a path analysis that facilitated interpretation of the findings. Lastly, a major advantage of this study was the statistical approach selected to treat mode of delivery; entirely distinct patterns emerged for ElCS and deliveries with emergent interventions, highlighting the limitation of previous studies in traditionally classifying deliveries to vaginal and cesarean (12, 15, 22) .
The study also has limitations. First, a self-reporting questionnaire was used for the evaluation of PPD instead of psychiatric examination. Despite the possibility of misclassification, EPDS has high sensitivity and specificity and is widely used in epidemiologic studies (40) . Similarly, depression history was assessed by self-report and, despite the high reliability reported in previous studies (63, 64) , recall bias cannot be precluded. Secondly, to keep the questionnaires to an acceptable length (65) , fear of delivery and delivery experience were self-reported, in accordance with earlier studies (28, 66, 67) , not by validated instruments. Thirdly, assessment of pregnancy complications was conducted at the 32nd week and is thereby possibly underestimated. Fourthly, stress and anxiety-related factors were not considered as confounders in our analyses. Finally, generalization of the findings should be attempted with cautious given the slightly higher education in the BASIC nested cohort, compared with the general background population. To address this issue, we repeated analyses for women of the lowest educational level (less than high-school) or unemployed women (n = 901). Similar estimates in the same direction emerged (data not shown). Although selection bias cannot be definitely precluded, findings seem to be independent of socioeconomic status. Any of the following: laceration (grade III or IV), manual placental removal, postpartum hemorrhage ≥1000 mL), Apgar score at 5 min <7, admission of the newborn to a neonatal unit.
In conclusion, the present study highlights the need to focus on the mental well-being of women experiencing an emergency setting delivery with negative delivery experiences with attendant physical complications. Future studies are needed to replicate these findings in other settings and to explore the important role of other potential covariates in the association between mode of delivery and PPD. The evaluation of the impact of mode of delivery and delivery experience on the risk of recurrent PPD in subsequent pregnancies also warrants further research. 
